The influence of the suckling stimulus and ovarian secretions on LH response to naloxone was studied in 16 postpartum aneslrous beef cows that were assigned randomly to one of four groups (n = 4/group): intact suckled (IS), intact nonsuckled (IN), ovariectomized suckled (OS) or ovariectomized nonsuckled (ON). Ovariectomy (OS + ON) and calf removal (IN + ON) were performed on d 2, 3 or 4 after parturition. Jugular venous blood was collected at 15-min intervals for 4 h before and 4 h after administration of naloxone (1 mg/kg BW, i.v.) on d 14 and d 28 after parturition. Gonadotropin-releasing hormone (5 pg, i.v.) was given 3 h after naloxone. Both IN and OS increased (P < .05) mean pretreaunent LH above IS values (mean • SE, ng/ml; IS 1.6 • 1 vs IN 2.5 • .3 and OS 2.7 • .4; P < .01), whereas ON increased (P < .01) LH (3.7 • .3 ng/ml) even further. Mean LH increased (P < .05) after naloxone administration in all Ireatment groups. However, magnitude of this response was variable and dependent on ovarian status. Amplitude of the naloxone-induced LH response was greater (P < .05) for ovariectomized (5.9 + 1.1 nghnl) than for intact groups (2.7 • .5 ng/ml). Gonadotropin-releasing hormone increased mean LH concenlrations in all groups. We suggest that ovarian secretions and the suckling stimulus contribute to endogenous opioid inhibition of LH during the postpartum interval. However, the ability of naloxone to increase LH in ovariectomized, nonsuckled cows indicates that opioid inhibition of LH secretion was not entirely dependent on the ovary and suckling.
Introduction
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2Dept. of Anita_ a~d Dairy Sci., College of Agric. 3Dept. of PhysioL and Pharmacol., College of Vet. Med. Received Jul~ 30, 1988 . Accepted Novembex 7, 1988 postpartum interval. Observations of ~/hisnant et al. (1986a) suggest that opioid inhibition of LH diminishes as number of days after parturition increases. Suckling decreases LH secretion below levels of nonsuckled cows (Radford et al., 1978; Dunlap et al., 1981) and lengthens the postpartum interval of beef cows (Randel, 1981) . Whisnant et al. (1986b) demonsu'ated that by 72 h following calf removal, serum LH was increased and naloxone was ineffective in further raising LH concentrations.
Ovarian steroids also modulate LH secretion during the postpartum interval. For example, administration of progesterone decreases naloxone-induced LH pulse frequency and 1527 amplitude (Cross et al., 1987) and estradiol suppresses LH release in weaned cows (Acosta et al., 1983) . Furthermore, the characteristic increase in serum LH after removal of the ovaries (Schallenberger and Peterson, 1982) was suppressed by suckling in cows (Hinshelwood et al., 1985) . The following study was conducted to determine the influence of the ovary and suckling on opioid inhibition of LH release in the postpartum cow.
Experimental Procedure
Animals. Sixteen Angus and Polled Hereford primiparous and multiparous cows ranging in age from 2 to 11 yr and weight from 286 to 645 kg were assigned to one of four treatment groups (n = 4/group) at parturition: 1) intact suckled (IS), 2) intact nonsuckied (IN), 3) ovariectomized suckled (OS) and 4) ovariectomized nonsuckled (ON). Suckled and nonsuckled groups were kept in separate grass pastures and fed 11.4 kg of bermudagrass hay and 3.2 kg of supplement (69% corn, 28% soybean meal, 1.7% limestone, .65% dicalcium phosphate, .65% trace mineral salt) per head per day.
All animals underwent either ovariectomy (n = 8) or sham (n = 8) surgery on d 2, 3 or 4 after parturition as described previously . Calves were removed from half of the cows of each surgery group at the time of ovariectomy or sham surgery. Each cow was fitted with an indwelling jugular cannula approximately 18 h before blood sampling. Experiments were conducted on d 14 + 2 and d 28 + 2 after parturition, at which time blood samples were collected every 15 min for 8 h. Naloxone 4 (1 mg/kg BW, i.v.) was administered at h 4, and GnRI-I 5 (5 ~tg/animal, i.v.) was given at h 7. Additional single blood samples were collected by jugular venipuncture three times per week from d 2 to 28 after parturition for serum estradiol and progesterone determinations.
Hormone Analysis. Serum was recovered from blood samples and stored frozen (-20~ until assayed for LH (Whisnant et al., 1986c) and progesterone (Dunlap et al., 1981) . Estra4Naloxone hydrochloride purchased from Sigma Chemical Company, St. Louis, MO.
SCystorelin (Gonadcfelin), Abbott Lalxxatories, North Chicago, IL. dio1-17[3 was measured using a modified procedure of Cox et al. (1987) . Briefly, modifications included one extraction of 1 ml of serum in triplicate with 2 ml of ethyl acetate and use of estradiol-17~ antisera at 1: 1,200,000 working dilution. Recovery of standarcl added to .5 ml of an ovariectomized serum pool prior to extraction resulted in recovery of 107 :i: 8%. Sensitivity of the assay was .6 pg/ml at 80% binding, and the intraassay coefficient of variation was 8.8%.
Statistical Analysis. The data were analyzed as a 2 x 2 factorial design with ovarian status and suckling status as main effects and time, in periods, as a repeated measure. Pulse frequency, pulse amplitude and mean LH were analyzed for two time intervals, pre-0a 1 to 4) and post-naloxone (h 5 to 7) administration.
Mean LH values were the average of every sample within discrete time intervals. An LH pulse was defined as consecutive samples in which one sample was at least 50% greater than the previous nadir (Dunlap et al., 1981) and contained two or more samples on the downward slope of the peak (Peck et al., 1988) . Luteinizing hormone amplitude was equal to the peak concentration minus the previous nadir concentration. All data were analyzed by the General Linear Models procedure of SAS (1982) . Differences between treatments were identified from appropriate tests of least squares means.
RIIllullll
Pre-Naloxone. Both ovarian and suckling status affected mean concentrations of LH secretion during the pre-naloxone interval (Table 1) . Days after parturition (d 14 or 28) did not influence any of the variables measured except pulse frequency; therefore, statistical analysis of data for day after parturition was combined where appropriate. An ovarian x suckling interaction occurred for mean LH data (P < .01). During the pre-naloxone interval, the control (IS) group had the lowest mean concentration of LH, whereas calf removal and ovariectomy increased (P < .01) mean LH similarly. The ON group had the greatest (P < .01) mean LH concentration (Table 1) . Luteinizing hormone pulse amplitude was greater (P < .05) in the ovariectomized than in the intact groups (actual means of 5.9 + 1.1 vs 2.1 + .5 ng/ml). However, there was no effect of suckling status on pulse Post-Naloxone. Naloxone administration caused a pulse-like increase (P < .05) of LH that began within 15 min, peaked approximately 45 min after treatment and did not return to baseline for at least 60 min ( Figure   1 ). There was an ovarian x suckling interaction for the mean LH response to naloxone (P < .01). Pre-and post-naloxone mean LH concentrations are shown in Figure 2 . Intact suckled ~Means in the same column without common superscripts differ (estradiol, P < .06; progesterone, P < .05).
cows had the smallest LH response; removal of the suckling stimulus enhanced the response to naloxone. However, the LH response of ovariectomized cows to naloxone was similar for suckled and nonsuckled cows.
Post-GnRH. Serum LH increased (P < .01)
after CmRH in all groups (Figure 1 ). Concentrations of LH of all groups were elevated within 15 min after GnRH and peaked within 30 rain. The magnitude of the mean LH concentration was less (P < .06) for suckled than for nonsuckled cows (5.8 + 1.1, OS + IS vs 10.2 + 1.3 ng/ml, ON + OS). 
Dlsoumion
In agreement with previous reports, ovariectomy (Schallenberger and Peterson, 1982; Garcia-Winder et al., 1984) and removal of the suckling stimulus (Waiters et al., 1982; Hinshelwood et al., 1985) increased serum LH concentrations. In the present study, removal of the suckling stimulus increased pulse frequency, and ovariectomy increased pulse amplitude. These results imply that increases in LH after ovariectomy and calf removal were through different mechanisms. In addition, in agreement with other reports (Webb et al., 1980; Lamming et al., 1981; Garcia-Winder et al., 1984) , pulse frequency increased with days after parturition.
In previous studies of the postpartum cow, naloxone administration elicited an immediate rise in serum LH concentrations (Gregg et al., 1986; Whisnant et al., 1986a,b,d) . In contrast, morphine, an opioid agonist, decreased LH concentrations after calf removal (Peck et al., 1988) . Furthermore, others (Schanbacher, 1985; Schillo et al., 1985) reported that morphine decreased LH concentrations in the castrated male and female sheep.
Results of our study confirm earlier reports that endogenous opioids exert suppressive actions on serum concentrations of LH in the intact, suckled cow. Furthermore, based on results of the present experiment, neither removal of the ovary nor prevention of suckling was sufficient to abolish endogenous opioid inhibition of LH secretion, because naloxone increased LH in all treatment groups.
Removal of the suckling stimulus in the intact cow, although elevating basal LH concenffations, did not completely remove opioid inhibition of LH, because naloxone further increased LH concentrations in these animals. This is in contrast to the results of Whisnant et al. (1986b) , who reported that acute calf removal on d 35 abolished naloxone-induced LH release in the postpartum cow. Perhaps the longer postpartum interval (d 35) and acute removal of calves from their dams at that time (Whisnant et al., 1986b ) may explain the difference in results between the two studies. One possibility for the dampened LH response to naloxone of the intact suckled cow may be that opioid inhibition of LH was greater in the former group. However, because the LH response in intact suckled cows to GnRH was less than that in nonsuckled cows, the smaller response may reflect the inability of the pituitary gland of suckled cows to release as much LH in response to GnRH as nonsuckled cows.
Ovariectomy also increased mean LH concentrations compared with intact controls, implying that some form of LH inhibition was removed. However, naloxone increased LH in both ovariectomized suckled and nonsuckled cows. Perhaps in ovariectomized suckled cows naloxone was antagonizing opioid inhibition caused by the suckling stimulus. In support of this hypothesis, Gordon et al. (1987) reported that suckling bouts in ewes increased [3-endorphin in the hypothalamic portal circulation, probably reflecting an increase in hypothalamic opioid activity.
It was anticipated that naloxone would not increase LH in the ON postpartum cow because the inhibitory effects of both the ovary and suckling were removed. Nevertheless, the naloxone-induced release of LH suggests that an inhibitory mechanism other than a direct effect of the ovary or suckling was present during the early postpartum period of the cow. We hypothesize that the effect of the high steroidal milieu during late pregnancy may have a carryover effect during the early lactational period that was independent of the ovary or suckling stimulus, but that contributes importantly to opioid modulation of LH secretion. Indeed, others have suggested this possibility for the cow (Malven, 1984; Moss et al., 1985) and ewe (Gregg et al., 1986).
Devorshak-Harvey et al. (1987)
reported that LH was suppressed through an endogenous opioid mechanism during gestation in the rat.
In summary, this research confirms the observation that naloxone acutely increases serum LH in the postpartum anestrous beef cow as early as d 14. In addition, we provide new evidence that both suckling and an ovarian component contribute to opioid inhibition of LFI secretion. An alternative explanation may be that ovarian components and suckling inhibit LH directly at the pituitary gland independently of endogenous opioid pepddes. However, because opioid inhibition was apparent in the absence of the ovary and suckling stimulus, we propose that during the early postpartum period other mechanisms regulate expression of opioid inhibition. It is hypothesized that the steroidal milieu of pregnancy exerts a carryover effect on opioid inhibition of LH in the early postpartum cow.
